ABSTRACT: Due to the complicated media used for culturing bovine embryos, most of the nutrient requirements are unknown. Recently, we developed a simple, serum-free medium (CR 1 ) that allows bovine embryos to develop in vitro. Therefore, our objective was to determine whether development of bovine embryos would be improved by the addition of free amino acids and vitamins to CR1. Oocytes were recovered from slaughterhouse ovaries and matured 22 k 2 h, following which the oocytes were randomly allotted to treatment. The experiment was a randomized block design with a 2 x 5 factorial treatment structure. The oocytes were fertilized with or without cumulus cells intact. The five fertilization media were 1) Control (CR1 + 10 pg/mL of phenol red); 2 ) control + basal medium Eagle (BME) essential amino acids (EAA) + minimum essential medium (MEM) nonessential amino acids (NEA) + MEM vitamins (VIT);
Introduction
Culture of bovine embryos has been successful in a wide variety of media (for review see Wright and Bondioli, 1981) . However, because of the complicated media used for culture, specific in vitro requirements for development of bovine embryos have not been studied extensively.
Adding free amino acids to embryo culture media has had varied results depending on species and laboratory. Carney and Bavister (1987) found that development of hamster embryos was increased when 20 amino acids were added to Tyrode's-albumin-'This research was supported by a grant from W. R. Grace and Co. A preliminary report of this study appeared in Theriogenology 35:266.
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Received April 12, 1993 . Accepted October 1, 1993 J. Anim. Sci. 1994. 72:434-437 lactate-pyruvate ( T U P ) medium; furthermore, they found the addition of glutamine alone to be as good or better than the addition of the 20 amino acids or combinations thereof. Conversely, pig embryos may have retarded development in the presence of minimum essential medium (MEM) or basal medium Eagle (BME) amino acids (Meyen et al., 1989) , or normal with free amino acids in the culture medium (Stone et al., 1984; Rosenkrans et al., 1989; Hagen et al., 1991) . Development of bovine embryos improved when both BME essential and MEM nonessential amino acids were added to a modified synthetic oviduct fluid medium (mSOF; Takahashi and First, 1992) . Our objective was to determine the individual and interactive effects of amino acids and vitamins on development of bovine zygotes in vitro.
Materials and Methods
Oocytes were aspirated from slaughterhouse ovaries and placed into maturation medium as described by Rosenkrans et al. (1993) . Briefly, cumulus-oocyte complexes ( COC) were located in 100-mm plates in a warm room (30 rt 2 C ) using a stereomicroscope and subsequently rinsed four times through low bicarbonate-TALP (Parrish et al., 1988) (10 pg/mL), and fatty-acid-free BSA (3 mg/mL; see Rosenkrans et al., 1993) ; 2 ) control + BME essential amino acids with 1 m M L-glutamine ( E M ) + MEM nonessential amino acids (NEA) + MEM vitamins ( VIT); 3 control + EAA + NEA; 4) control + EAA + VIT; and 5 ) control + NEA + VIT. Each medium had independent fertilization plates, which consisted of 10 drops (40 p L each) of medium in 60-mm Petri dishes overlaid with 10 mL of paraffin oil. Ten COC or 10 cumulus-free oocytes were added to each fertilization drop, followed by 5 x lo4 motile sperm, 10 ng of heparin, and 2 pL of penicillamine, hypotaurine, epinephrine ( P H E ) stock (Rosenkrans et al., 1993) . After 65 rt 3 h, the excess sperm and cumulus cells were stripped away and embryos were rinsed and placed into fresh drops of the same medium in which they were fertilized. The embryos were then allowed t o develop for three additional days (d 7; with d 0 = day of aspiration). On d 7 the number of morulae and blastocysts were determined.
Data are expressed as the percentage of cleaved embryos becoming morulae or blastocysts. Percentage data were transformed with the arcsin square-root procedure to normalize variance. All data were analyzed using SAS (1985) . The GLM procedure was used to determine whether main effects (replicate, cumulus cells, media) were significant ( P < .05). If main effects were significant, means were separated using the LSMEANS option. Using C O N T W T and ESTIMATE statements and the coefficients of an additive model (Table l) , the independent effects of EAA, NEA, and VIT on cleavage and blastocyst percentage were determined.
Results
Cleavage rate was greater ( P c .001) when oocytes were fertilized as intact COC (51.7 vs 73.2 for stripped and intact oocytes, respectively). However, In contrast, the addition of VIT tended ( P = .12) to decrease the frequency of embryos reaching the blastocyst stage by d 7 (Table 3) . Furthermore, blastocysts to morulae ratio was increased (I' = .09) with the addition of E M to the base medium.
Discussion
The addition of BME and MEM amino acids to CR1 increased the developmental rate of bovine zygotes in vitro. The metabolic enzymes that are active in the bovine embryo may be different from those in other species. This is evidenced by the beneficial effect of the nonessential amino acids, in contrast to their detrimental effect on development of hamster embryos (Carney and Bavister, 1987) . However, adding essential amino acids increased development of rat embryos (Zhang and Armstrong, 1990) as well as bovine embryos in vitro. To our knowledge this is the first report that demonstrates an additive effect of the fibroblast EAA and NEA on embryo development. We have denoted the use of CR1 medium with EAA and NEA as CRlaa. Recently, it was reported that embryos developed in CRlaa established pregnancies as well or better than embryos developed in co-culture with oviductal cells after nonsurgical transfer to recipient cows (Monson et al., 1992) . The increased blastocysts to morulae ratio due to the addition of amino acids indicates a development rate more similar fPercentage of cleaved oocytes that were morulae on d 7.
gMain effect of media ( P < ,051. hPercentage of cleaved oocytes that were blastocysts on d 7. 'Interaction of cumulus cells and media ( P < ,051.
JThe ratio of blastocysts to morulae on d 7.
to in vivo (Betteridge and Flechon, 1988) . Furthermore, the addition of EAA and NEA to mSOF increased the cell number of bovine blastocysts (Takahashi and First, 1992) . The EAA treatment included glutamine ( 1 mM) , which improved development of embryos from hamsters (Carney and Bavister, 19871, mice (Chatot et al., 19891, and pigs (Rosenkrans et al., 1989) . The mechanism by which glutamine has a beneficial effect on embryo development has not been elucidated. However, glutamine can be deaminated and used in the Krebs Cycle or in the formation of glucosamine-6-phosphate, a precursor of glycoproteins, glycolipids, and other compounds necessary for cellular integrity (see Rieger, 1992) . Another salient finding in this study is the considerable increase in cleavage rate of oocytes fertilized with the cumulus oophorus intact, as opposed t o stripped oocytes. Although cleavage rate was increased, subsequent development did not differ between groups when based on the number that originally cleaved. Leaving cumulus cells intact during and after fertilization may act as a co-culture situation during fertilization. Co-culture of bovine oocytes with oviductal cells during fertilization increased cleavage rate of stripped oocytes (Miller et al., 1992) . However, our results indicate that subsequent development is not improved when based on cleavage rate, which indicates that the co-culture situation only enhances the embryo's passage through the critical periods, as suggested by Pollard et al. (1991) .
The tendency for MEM vitamins to be detrimental to development of bovine embryos is in contrast t o other species. Kane (1988) and Kane and Bavister ( 19 8 8 ) reported increased blastocyst hatching when vitamins were added to the culture medium for rabbits and hamsters, respectively. This difference could be due to different types and concentrations of vitamins (Ham's vs MEM) or to some sensitivity of bovine embryos, because a numerical reduction in morula percentage also was detected by Takahashi and First (1992) . We suspect that the detrimental effect on bovine embryos is due to an improper concentration or imbalance of the vitamins in the MEM vitamin mixture. In conclusion, the mechanism(s) by which the amino acids increased development of bovine embryos in vitro is not clear. The amino acids could be acting as energy substrates, pH regulators, or as a pool for de novo protein synthesis. Regardless of which mechanism(s), the amino acid composition of NEA and EAA with glutamine (1 mM) increased the development of bovine embryos in vitro.
Implications
With recent advances in embryo technologies such as nuclear transfer and gene injection the need for a reliable culture system is paramount. We found that development of bovine embryos in vitro in CRlaa (medium with amino acids) has a developmental distribution similar to that in vivo. Such an advancement will allow animal scientists to determine whether biotechniques that manipulate zygotes are detrimental to embryo development in vitro. In addition, the CRlaa medium can be used as the base medium for studying the effects of growth factors on development of embryos in vitro. Such studies would further our understanding of the physiological requirements for embryo development.
